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(54) CONTROLLER FOR PROPULSION ENGINE FOR AIRCRAFT 

(57)Abstract: 

PURPOSE: To optimize engine output characteristics in relation to the 
propeller rotational number by nonHinearly changing at least one of the 
set rotational number and the set throttle opening in relation to the lever 
operating amount in a governor means for controlling the propeller 
rotational number to the set rotational number through a process of 
changing the pitch of a variable pitch propeller. 

CONSTITUTION: In a constant speed variable pitch propeller 9 connected 
to an output shaft of a propulsion engine for an aircraft, composed of a 
multiple- cylinder four cycle reciprocating engine, the propeller pitch is 
controlled by a propeller governor 31. In this case, a power lever 40 for 
simultaneously adjusting the set rotational number of the propeller 
governor 31 and the opening of a throttle valve 3 is provided, and the 
ends of the power lever 40 are respectively connected to a rotational 
number setting mechanism 37 of the governor 31 and an opening setting 
cam 35 of the throttle valve 3 through cables 37a, 35a. The opening 
setting cam 35 is taken as a non-linear cam, and the opening of the 
throttle valve 3 is changed by the non-linear cam 35 into a non-linear 
shape in relation to the operating amount of the power lever 40. 
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CLAIMS 



[Claim(s)] 

[Claim 1] It is the control unit of the promotive body for aircrafts equipped with a nonlinear control means by which 
ttie aforementioned control means change at least one side nonlinear to the control input of the lever of the 
aforementioned single in the control unit of the promotive body for aircrafts characterized by providing the following 
among the setting rotational frequency of the aforementioned centrifugal-spark-advancer means, and the setting 
opening of the aforementioned ttirottle means. The variable-pitch propeller connected to the power shaft. A centrifijgal- 
spark-advancer means to control the rotational frequency of a propeller to a setting rotational frequency by changing 
the aforementioned propeller pitch. The throttle valve arranged at the engine inhalation-of-air path. A throttle means to 
control the opening of this throttle valve to setting opening, and control means to which both the setting rotational 
frequency of the aforementioned centrifiigal-spark-advancer means and the setting opening of the aforementioned 
throttle means are changed according to the control input of a single lever. 

[Claim 2] When a centrifiigal-spark-advancer means setting rotational frequency is in the low rotation side field 
appointed beforehand, the aforementioned nonlinear control means So that throttle means setting opening may become 
small compared with the case where throttle means setting opening is changed to alignment to the control input of the 
aforementioned lever and when a centrifiigal-spark-advancer means setting rotational frequency is in the high rotation 
side field appointed beforehand The control unit of the promotive body for aircrafts according to claim 1 which 
controls throttle means setting opening nonlinear so that throttle means setting opening becomes large compared with 
the case where the setting opening of a throttle means is changed to aUgnment to the control input of a lever. 
[Claim 3] When throttle means setting opening is in the low-power output side field appointed beforehand, the 
aforementioned nonlinear control means So that a centrifiigal-spark-advancer means setting rotational frequency may 
become large compared with the case where a centrifugal-spark-advancer means setting rotational frequency is 
changed to alignment to the control input of the aforementioned lever and when throttle means setting opening is in the 
low-power output side field appointed beforehand The control unit of the promotive body for aircrafts according to 
claim 1 which controls a centrifugal-spark-advancer means setting rotational frequency nonlinear so that a centrifugal- 
spark-advancer means setting rotational frequency becomes small compared with the case where a centrifugal-spark- 
advancer means setting rotational frequency is changed to alignment to the control input of a lever. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the control unit of the promotive body for aircrafts. 
[0002] 

[Description of the Prior Art] Conventionally, an engine rotational frequency and unit power (throttle- valve opening) 
were controlling by the aero-engine which has a variable-pitch propeller separately, when a pilot operated an individual 
lever. That is, in these engines, by changing a propeller pitch, the load which joins an engine is adjusted and the 
propeller centrifugal spark advancer which controls an engine rotational frequency to a setting rotational frequency is 
formed. By operating a throttle lever other than the above-mentioned centrifiigal-spark-advancer lever, the pilot 
adjusted throttle opening and had got desired unit power while he set a propeller centriftigal spark advancer's setting 
rotational frequency as the desired value by operating this centriftigal-spark-advancer lever. However, it is complicated 
to perform separately operation of a centrifiigal-spark-advancer lever and operation of a throttle lever as mentioned 
above, and it has the problem to which a pilot's burden becomes large. Moreover, in adjusting the air-ftiel ratio of the 
gaseous mixture which is supplied to an engine in addition to the above and aiming at mpg reduction at the time of 
cruising, operation operation becomes complicated fiirther. 

[0003] In order to solve the above-mentioned problem, the aero-engine which controlled simuhaneously throttle 
opening and the propeller centrifiigal-spark-advancer setting rotational frequency by the single lever is indicated by the 
U.S. Pat. No. 426170 official report. The engine of this official report forms the fuel-injection control unit which 
controls the fuel oil consumption to an engine based on an engine inhalation air content, a propeller centrifugal spark 
advancer and a throttle valve are connected to a single power lever by the link mechanism, and it is made for a 
propeller centrifugal spark advancer's setting rotational frequency and throttle opening to change simultaneously 
according to the control input of a power lever. Thereby, simuUaneous [ for example, a propeller centrifugal spark 
advancer's setting rotational frequency ] to a low case, since throttle opening is also set up small, low rotation low- 
power output operation of an engine is performed, and throttle opening is also simultaneously set up greatly when a 
propeller centrifugal spark advancer's setting rotational frequency is high, high rotation high power operation of an 
engine is performed. 
[0004] 

[Problem(s) to be Solved by the Invention] Since it becomes possible to control an engine rotational frequency and unit 
power by operation of a single power lever simultaneously according to the equipment of the above-mentioned U.S. 
Pat. No. 426170 official report, there is an advantage that operation operation of the aircraft can be simplified. 
However, with the equipment of the above-mentioned official report, although it is made to control an engine rotational 
frequency and unit power by operation of a single power lever simultaneously, consideration is not paid for the change 
property of the unit power to propeller rotational frequency change at all. That is, as a result of changing an engine 
rotational frequency and unit power simultaneously by operation of a single power lever, both an engine rotational 
frequency and unit power will be determined by only the position of a power lever. Therefore, since the unit-power 
change property over a propeller rotational frequency will be fixed, the controllability of the aircraft will be influenced 
by setup of this property, for this reason — for example, having set the propeller centrifugal-spark-advancer setting 
rotational frequency and the throttle opening setting rotational frequency as the so-called alignment property that both 
an engine rotational frequency and throttle opening change in proportion to both the control inputs of a power lever - 
if - to a propeller rotational frequency, unit power will also have an alignment property and the problem by which the 
relation between a propeller rotational frequency and unit power is not necessarily optimized produces it 
[0005] this invention aims at offering the control unit of the promotive body for aircrafts which can optimize the unit- 
power property over a propeller rotational frequency, when controlling both the rotational frequency of an aero-engine. 
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and an output by operation of a single power lever in view of the above-mentioned problem. 

mvention accordmg to claim 1, A centnmgai spars duv<uiv.ci uis^o. tiimttV valve arraneed at the engine 

■^mmmmM 

^oloK of the I J^^^^^^^ single is offered among tiie setting rotational frequency of the 

C a^eZS-s^^^^^ setting rotational frequency is in the low rotation Seld appomted 

Si^"brrs C compared vrith the ca« where the setting opening of a throttle means .s changed tt> alignment 



of a lever is offered 
[0009] 



[Zc ion] m a contn>l unit according to claim 1. control means are changed according to ^"^"f ^^^^ 

mm ^omoared with the case where throttle means setting opening is controlled to alignment, in a low rotation field, 
poTr to propeller rotational frequency change becomes small relatively and change of the umt power to propeller 
SS^S a ?ow.Sow ou^ut side field, a nonlinear control means has a large cenMfogal-spark-advmicer « 

SSs:t^:?::^wer^^™^ 

CILcTcLge i™^all relatively, and change of the unit power U, propeller rotational ftequency change 
becomes large relatively in a high rotation side field. 

[ExWe] The example of this invention is explained using an accompanying drawing below. is Ae^^^^^^^ 

Ei^tti=:^=rr£:^sirlr^^^^^^ 
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with which 4 was prepared in throttle-valve 3 downstream of the inhalation-of-air path 2, and 5 show the air cleaner, 
^soe^eW Zeover the fuel injection valve 7 which injects pressurization fuel is formed m each cylinder suction 
poSe Lt^^^^ cyliider of an engine 1. respectively (to drawing.1 , only one of fuel injection valves 7 

roonmf fixed-speed variable-pitch propeller by which it was connected to an engine's 1 output shaft that 9 shows to 
S i ifproTeUer centrifiigal spark advancers which control the propeller pitch of a vanaWe^itch 
V ^ this example the propell^ centrifugal spark advancer 3 1 is used as a centnfiigal type centrifugal sparic 
Ta? e aJd ^co^^S S « trLf^ shaft which is not illustrated. The propeller centnfogal sparic 
^yZZ'^r^TZ^ov^Z which adjusts a propeller pitch so that an engine rotational frequency (propdler 
roS f^eS^W be in agreement with a setting rotational frequency. That is, when a propeller rotational 
^TZXZZImlr than aletting rotational frequency, a centrifugal spark advancer 31 makes a P«>PelleT PUch 
SaTe anrreduces S engine rotational frequency by increasing the absorption horsepower of a propeller. Mo eover, 
Xrr;ropelS^^^^ becomes lower than a setting rotational frequency a cenfrifiigal spark advam^r 

TwuSs a S increases an engine rotational frequency by reducing the absorption horsepower of a 

p opdrThSe^^^^^^^^^^ frequency (engine rotational frequ«icy) is conttoUed always in agreement 

S a wo4^1^ c«itriU^^ spark advancer's setting rotational frequency. What is shown m drawing by 33 is o 1 
p™^1^ foT^^^^^ which comiect? a centrifugal spark advancer 3 1 and the oil pressure vanable pitch 

S WaS^^^^^^^ by 10 is the confrol circuit 10 which confrols an -^f-^'^^^^^^^^ 
drcd 10 is used as the microcomputer of well-known composition of having comiected RAM, ROM, and CPU 
mraUy byS^^^^ bus,L performs basic control, such as AFC of an engine 1. ttie s^gn^J^^l^fh the 

freauencv N of an engine 1 is expressed to a confrol circuit 10 from the rotational frequency s^sor 11 
CriSSh%ot sh^wn) of an'engine 1 for these confrol - — 3*^^ ^5^7^^^^^^ 
nressure PM in a surge tank (MAP) is expressed from the intake-pressure sensor 13 formed m surge tai^ 4 is 
SnS respectively and also the position signal which shows the position of the power lever ^0 "lentioned late is 
SSSSt^n sensor 41, respectively Moreover, it connects with the fuel injection valve 7 of each cylinder 
jren^ri S^^^ drive circWt which is not iUusfrated, and the confrol circuit 10 is confroUmg the fuel 

So 1 stl'e to drl^njt Is a power lever which adjusts simultaneously the opening of the propeller 

Tn^S the mount to which the lolational frequency setting mechanism 37 and the opening setting cam 35 ^e 
S^Do?tionS input of the power lever 40 through the push pull cables 37a ^d 35a, respectively, if tt 

SSs wTtl^^hToS eLg cam 3 5 of a cenfrifiigal spark advancer's 31 rotational frequency setting mechamsm 

me] Moreover, the energization spring which energizes the opening setting cam 35 in direction in^^^^^ 
ITe open S increases showed that 37b showed to drawingi by the energizatton spnng which energizes the 
XtionTSency setting mechanism 37 in the direction in which a setting rotational frequency increases, and 35b. 
TXSCSgs?5b and 37b act in the direction which increases a cenfrifogal-spark-advancer setting 
mtLSSS^throttle-valve opening, respectively, when the push pull cables 35a or 37a are cut. For this 

to maximum when one side of the push pull cables 35a or 37a is cut, it becomes possible to confrol the thrust of an 
airframe by the push pull cable of a normal side. ^ *^ +1,^ or«r.n«f nf 

m^nL, a cenfrifogal spark advancer's 3 1 setting rotational frequency changes m proportion to *e ~t of 
derations of the rotational frequency setting mechanism 37. That is, a cenfrifugal spark advanced s 31 number of 
sS roto^l frequ^c es is set up so that it may change to aUgmnent to the control input of the Power leve^4a 

hmiT in ttiS example, the opening setting cam 35 connected with the throttle valve 3 is used ^ the noriine^ 
cr^^oSig change of a hrottle valve 3 is not proportional to the amount of operafrons of a cam 35- ^liat i^^^^^ 
o^iliS ofTthrottle vive 3 changes with operations of a nonlinear cam nonlinear to the confrol input of the power 

moTsi Drawing 2 is drawing showing an example of the change property of the throttle opening to the confrol input of 
TpowSf i InTaS , the vertical ^is shows throttle-valve opening (%) (^i<^^^^^^f^^-'^''f^^^ 
SX^rSatilnal Uu^ horizontal axis shows the actoated valve position (% sfroke) of the power lever 
SftlSSe soS^ change property of throttle opening, and the dotted line shows the change prop«ty 

o?;^Ss^-t ^— roLU fr„ Although a cenfrifugal-spark-advancer setting rotafronal 
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frequency (dotted line) shows change of the alignment pioportional to the control input of the power lever 40 as shown 
nSg 2 Throttle opening is measured when a property is set as alignment (for example when it is set^ the same 
pro^^a centrifugal-spark-advancer setting rotational frequency). In the range by the side of high speed ( tong 
rse^oril) the ce Jrifugal-spark-advancer setting rotational frequency of opening is small m the range by the side of 
a Ic^lpeed ( ^SlX^^^ and opening becomes large, and in the field ( drawing 2 and section II) where a 
^SgTl spS:^cer setting ^tation'al frequency is stiU still larger, throttle opemng is set up so that it may be 

rom^r^^g 3 isTawing showing the configuration of the opening setting cam 35 for ^^^^""8 
characti^^ofdrawing 2 The opening setting cam 35 is attached in the circumference of the pm 53 on the ttirottle 

IcZ 40 ^^ached in the edge 54 of an opposite side with the attachment section to a pm 53. Moreover tt is fixed to 
S^g^ft 55 which pietrates a throttle body 5 1 , and a throttle valv^ 

cam groove 57 is formed in the opening setting cam 35. Arm 55b which has pin 55a is being fixed to the shaft 55 of a 
throttle valve 3 by the end, and pin 55a is engaging with the cam groove 57 of the «P«"^«8^,^"^^g ^^^^^^ 55^ 
[00201 Therefore, if the rotation drive of the opening setting cam 35 is earned out by piwh Py" c^le 35a, P«i 55a wdl 
move along with a cam groove 57, and will rotate a throttle valve 3 through arm 55b and a shaft 55. A cam position in 
Ta^e aSle valve 3 becomes a close by-pass bulb completely (0«/o opening) shows that a solid line shows .drawing 
bv Ae cTposition in case a throttle valve 3 is opened fully (100% opening), and the dotted Ime. That is it is engaging 
with Lcin ? W cam groove 57 in the position where the control input (stroke) of the power lever 40 showed pm 
55a trSLwingl by the do?ed line in the state of 0. Moreover, if the power lever 40 is operated, pm 55a wiU move m 
the insid^a^ groove, engaging with section 57a of a cam groove 57. To the angle of rotation of a cam 35, the 
Sation of^^^^^^ 57a of a'ca^ groove 57 has the small angle of rotation of arm 55b at first, tt is^t up so 
L it may become large gradually. For this reason, while section 57a and pm 55a of a cam groove 57 are being 
^gageXtii^ottle opening changes like the drawing 2 section I to power lever 40 stroke. Moreover, if he s^ke of ttie 
lever 40 increases and the angle of rotation of a cam 35 increases, next, pm 55a will engage with section 57b of 
Team groove 57 To the angle of rotation of a cam 35, the configuration of section 57b of a cam groove 57 has the 
faS'a^le of rLion of a4 55b at first, 

of section 57b, it is set up so that throttle opening may be opened fully. For this reason, while pm 55a is engaging with 
section 57b of a cam groove 57, throttle opening will change like the drawing 2 section II to power lever 40 sfroke. 
002n Moreover, if the stroke of the power lever 40 increases fiirther from this state and a cam 35 rotates, pm 55a will 
cZe toTeaee with section 57c of a cam groove 57. The configuration of section 57c is set up so that the angle of 
Son T^SS^^T^^^^ to r?gularity (throttle-valve open position) inrespective of the rotation Pos^^^^^^ 
of a cm 35, and throttle opening is maintained by fiiU open irrespective of the sfroke of the power lever 40 m this 

m^L^^M^ome tiirottle opening per amount of unit operations of tiie power lever 40 (unit power) 
becomelsmall compared with the case where a throttle opening property is set as aligmnent, m the low rotation side 
fieSTte^Tection I) of a propeller as shown in drawing 2 , as a result of setting up a throttle opemng property^ 
Fo thifS^ n a low rotation lUspeed field, it becomes possible to perform delicate reflation of umt powered 
^JcontroUabi ity in a low rotation low-speed field improves. Moreover, in a low rotation side field, since umt power 
LZe^Zn compared with the case where a throttle opening property is set ^ Vlig^^^^f ^^^^ 
be small set up also at the same rotational frequency. Therefore, there is an advantage to which the fall of a thrust 
becomes large and slowdown operation becomes easy at the time of an airframe slowdown etc. 
roSsi On the other hand, in the high rotation side field ( drawing 2 , section II) of a propeller, confrary to the above, 
re Ctre opening is ^eatly set up compared witii the case where a throttle opening property is se as aligmnent and 
So^er becomes larg? a propeller pitch comes to be greatly set up also at the same propeller rotational frequency . 
SrrinTpTopellJ quantity rotatL side field, operation becomes easy at the time of operation which a big tlmist 
S^es to be obSned and'needs the thrusts at the time of taking off and landing etc. Moreover ^^'"Sdd ' 
since throttle opening is set up greatly, there is an advantage whose engine efficiency m a high rotation side field 
^at^Hf-rJ^siftance decreases'and improves rather than the case where a tiirottle property is set as absent. 
[00241 In addition, in this example, although the throttle opening property (solid line) is set as ahgmnent nonhne^, as 
[ centrifugal-spark-advancer setting rotational frequency property (dotted line) is shown m 4 curve ** like 

drawing 2 , the same effect as tiiis example can be acquired also by setting a ^^"t"^^^:^^'^:^?'^^^^^^^^^^ 
rotation^frequency property (dotted line) as aligmnent for a throttle opemng property (solid line) nonlinear. In this 
case what is necess^y is to set tiie cam groove 57 of tiie tiirottle opening setting cam 35 as the configuration from 
Xch e of ration and throttle-vldve opening of a cam become aligmnent, and just to make tt prepare the same 
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nonlinear cam as drawings in a centrifugal spark advancer's 3 1 rotational frequency setting mechanism 37. Moreover, 
it is also possible by preparing a nonlinear cam in the rotational frequency setting mechanism 37, and making the cam 
groove of the setting cam 35 into a nonlinear characteristic to make nonlinear both a centrifugal-spark-advancer setting 
rotational frequency property and a throttle-valve setting opening property. , 
[0025] Moreover, it is necessary to set up the throttle-valve opening property other than a property and centntugal- 
spark-advancer opening property of drawing 2 depending on the airframe property of the aircraft. In this example, 
since the nonlinear cam is used as a throttle-valve opening setting cam 35, arbitrary throttle opening properties can be 
easily acquired by setting the cam groove of this nonlinear cam as a proper form. For example, a property like dmwing 
4 curve ** and ** also has the advantage which can be acquired easily. Moreover, if a nonlinear cam is apphed to a 
c^trifiigal-spark-advancer rotational frequency setting mechanism, arbitrary centrifiigal-spark-advancer rotational 
frequency properties can be set up simply similarly. 

[0026] Moreover, although the change property over power lever 40 confrol input of either a centnfugal-spark- 
advancer setting rotational frequency or throttle-valve setting opening and both was made nonlinear using the nonlmear 
cam in this example, you may make it give a nonlinear characteristic by link mechanisms other than a noidinear cam. 
Furthermore, it is made to drive both the rotational frequency setting mechanism 37, or both [ one side or ] ijs^ng the 
independent actuator (for example, a stepper motor, an actuator) etc., the operation of this actuator is controlled by the 
control circuit 10, and you may make it give a nonlinear characteristic to a centrifugal-spark-advancer setting rotational 
frequency or throttle- valve opening. u • • u- u 

[0027] Next the structure of the power lever 40 of this example is explained. In this example, the mechanism m which 
the operating physical force of a lever is changed with the sfroke position of a power lever is prepared in the power 
lever 40 That is while the control input of the power lever 40 has a small stroke, an operatmg physical force is 
comparatively small and it is made for an operating physical force to change bordering on a fixed stroke at this 
example, by larger stroke than a certain stroke (for example, stroke equivalent to about 75% of an engme s rated 
output), so that an operating physical force may become comparatively large. 

[0028] As mentioned above, the air-fiiel ratio of the gaseous mixture supplied to an engme is confroUed by this 
example by the control circuit 10. A confrol circuit 10 sets an engine air-fiiel ratio to a rich side (it is about 12 at an air- 
fuel ratio) from theoretical air fuel ratio in the field (for example, 30% or less of rated output) where unit power is low, 
and sets an engine air-fuel ratio to a RIN side (it is about 18 at an air-fiiel ratio) from theoretical au: fuel ratio in the 
field beyond this (a cruising-horsepower-output field, for example, the field from 30% to about 75% of rated output). 
Furtheraiore, in the field (for example, 75% or more of rated output) where unit power is large, an engine air-tuel rato 
is again set to a rich side (it is about 12 at an air-fiiel ratio) from theoretical air fiiel ratio. ^ . . i . 

[0029] That is in order to reduce mpg, as for an engine's 1 air-fiiel ratio, setting to a RIN side is more desirable ttian 
theoretical air foel ratio as much as possible. However, if an engine air-fiiel ratio is set as a RIN au--foel ratio at the 
time of engine low-power output, the case where an engine's rotational frequency is not stabihzed will anse. Moreover, 
the problem from which sufficient unit power will not be obtained if an engine air-fiiel ratio is set as a RIN air-fiiel 
ratio at the time of engine high power, and an engine exhaust-gas temperatiire rise too much, and tiie problem of tiie 
Ufe of tiie element of an exhaust air system falling arises, then - in order that a confrol circuit 1 0 may stabilize 
operation of an engine in an engme low-power output field (for example, 30% or less of rated output), while setting an 
engine air-fiiel ratio as a rich air-fiiel ratio in this example ~ under a flight - an engine with the higiest operating 
frequency - tiie crown ~ in the output area (cruising-horsepower-output field) (for example, field from about 30 /o to 
about 75% of rated output), an engine air-fiiel ratio is set as a RIN air-fiiel ratio, and reduction of mpg is aimed at 
Furthermore, in the high power field (for example, 75% or more of field of rated output), reservation of umt power md 
too much rise prevention of an exhaust-gas temperatiire are aimed at by setting an engine air-fiiel ratio as a rich air-mel 
ratio, in addition, tiie change (rich -> RIN) of tiie air-fiiel ratio in tiie case of the low-power output field at tiie tune of 
unit-power increase to cruising-horsepower-output field shift is made to perform the change (RIN-> - nch) of the air- 
fiiel ratio in tiie case of tiie shift to a high power field from a cruising-horsepower-output field momentanly from a 
viewpoint of exhaust air system element protection, although it is made for sudden change of deed unit power not to 
arise gradually For tiiis reason, when unit power increases and it goes into a high power field from a cniismg- 
horsepower-output field, an output will increase rapidly by rich-ization of an air-fiiel ratio. ^ , 

[0030] If increase of such a rapid output arises in the state where a pilot does not expect, a sudden nse of ttie airlrame 
by rapid increase of a tiirust etc. may arise, and aggravation of confroUabiUty may arise. Moreover, if operation in a 
high power field is frequently performed even when ttie pilot expects, problems, such as a fall of flight range, will anse 
by increase of mpg. In order to prevent tiiis problem conventionally, when switching an engine to a nch air-fiiel ratio it 
had reported tiiat tiimed on tiie alarm lamp of a cockpit and output sudden change and increase of mpg arose m a pilot. 
For tiiis reason, near tiie change field, tiie pilot needed to always be gazing at tiie alarm lamp and a pilot s burden was 
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¥lu-SxZS"-- it is foel oil consumption required in order that TAUP may make the air-fuel ratio of the 
If ouI^xm^^t^ied^tL an engine theoreLl air fixel ratio here i.e., ^as^^^^^^l c~ the constant 

and K to which alpha is set according to an engine's operational status are a ^^^^^^'^ fpV, _ f^.^ion 

moi31 Moreover the basic fuel oil consumption TAUP is beforehand given as an engme s 1 MAP PM and a function 
Lf a ro^Zl frequ^^^^ a control circuit 10 computes TAUP for every fixed angle of rotation of an engine 
mrsSldTS PM detected by the inhalation-of-air path pressure sensor 13, and the en^ne rotational 
fr^uencv N Scte^^^ tiie rotational frequency sensor 1 1 . Moreover, the air-fuel ratio conrection factor K is 
SKeSo^;?:,s^^^^^ of the power lever 40 detected by the position sensor ^l^^j^ ^^^^^^^^^ 
40 ^ition is in the range equivalent to an engine low-power output field, the au:-fiiel ratio correction factor K is set as 
TllTZZ Cl &fva?ue of fuel oil consumption TAU becomes larger than TAUP, and an engine is operated 
wSricS-S ATo Moreover, in power lever 40 position equivalent to a cruising-horsepower-output field 
vi of Ae^r M factor K is set as a value smaller than 1, tiie value of fuel oil consmnption TAU 

Wol P. .m^lerthan TAUP and an engine is operated with a RIN air-fuel ratio. Furthermore, m power levw 40 
S^u" 

eneine 1 will be operated with the air-fuel ratio according to the output area. 

El N^t Ae mechanism for changing the operating physical force of the power lever 40 as mentioned above is 

tot view ?h?S^er 40 c^isist^a lever main part 46 attached in the circumference of the rotation shaft ^^^^^ 
SeTr^ationT the edge of tiie above-mentioned push pull cables 37a and 35a is attached m end 46a of a lev^ 4^ 
Ste opSfon hi 47 is fomied in other end 46b. Moreover, SIMM 48 for operating-physical-force regulation is 
^taihed Tthe le^^^^^ between a handle 47 and the rotation shaft 45. Moreover, as shown m drawing 6 , ball 49 
ff^Saga^^^^^^ 

fo0351 When tiie power lever 40 is operated, a ball 49 rotates pressing tiie lever main part 46 side, "lakes tfie 
power irer46 gen Jate operation reaction force. Moreover, SIMM 48 is attached in tiie position ^^^^^^^^^"^ ^^^^^ 
£7!o wh^the Dower lever 40 is in an engine high power field. For this reason, it is pressed by tiie lever mam part 46 
bftife f^^^in XcHr^^^^^^^^ is equivalent to SIMM 48 tiiickness when tiie pow^ lever 40 ,s ,n &e 

posmonTqu^^^^^^ to a ligh power field is stronger tiian tiie case where it is in otiier posjtions when a ball 49 has Ae 
powlTvr40 in a high p?wer field since a spring 50 is compressed. Therefore, m a high power field, tiie operating 

£ld in c2?Sd4^ P^^^^ 48a is prepared in SIMM 48 edge and the power lever 40 is operated from a cniising- 
LlseS^wS-oCt fi^^^^^^ a high ^wer field as shown in drawing , power lever 40 operating physical force starts 
SeTeZfeTiawL 8 ). For tiiis reason, a pilot can know that the change of an mr-foel ratio will anse beforehand 
bv ^?rLsf5le4™ force, in case an en^ne air-fixel ratio is richly switched from RIN during power lever 40 

T^eSore s^^^^ a pilo does not need to operate tiie power lever 40, gazing at an alarm lamp like before 
Sfbomd^ Sa c^^ field and a high power field, a pilot's burden m^gated sh^ly . 

m^T^ In Sio^ altiiough the operating physical force of tiie power lever 40 is changed usmg tiie SIMM attached m 
tEIvi main s de aSSe ball pressed by tiie lever main part side in tiie above-mentioned example, it is also 
?os Xto cS^^ ^fo^^^^^ phyLal force of tiie power lever 40 using otiier mechanisms. For examp e as shown 
fn drawing 9 ttie cL 52 for op^ating-physical-force regulation is formed in tiie circumference of tiie rotation shaft 
45 S nfwer lev^^^^^ Sd you may make it make tiie ball 49 energized by tiie spring 50 for tins cam 52 engaged, 
^^e c^ 52Ts W^eJ to &e p^^^^^^^ [ cam rise / of tiie portion equivalent to tiie high POwer region of tiie 

JowX^ 40 ] ^d U t^made for tiie operating physical force in tiiis portion to become larger tiian other portions, 
mmsi MoTeove^ 1? is also possible to change power lever 40 operating physical force using tiie adjustab e reaction 
KtoperTw^^^^^ 49 and a'spring 50. DrawingJO shows an example of tiie conj)osition at A^^^^^^^ 

of usin^^a^^^^^^^^ reaction force damper 60. Moreover, altiiough drawmgiP. shows tiie case where a damper 60 is 
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attached in the power lever 40, you may make it form a damper 60 in both not the power lever 40 but the throttle 
opening setting cam 35 of drawing 1 , and a centrifugal spark advancer's rotational frequency setting both [ either or ] 
37. 

[0039] An example of the structure of the adjustable reaction force damper 60 is shown in drawing 1 1 , The adjustable 
reaction force damper of this example is equipped with rod 60c attached in piston 60b which ****s to a cylinder 60a 
wall like the usual oleo damper, and piston 60b. In this example, rod 60c is connected with the power lever 40, and 
cylinder 60a is attached in an about 40 power lever fixed part. Operation of the pow^r lever 40 pushes piston 60b 
through rod 60c. If 60d of oil paths is established in piston 60b and piston 60b slides on the inside of cylinder 60a by 
operation of the power lever 40, the hydraulic oil with which it was filled in cylinder 60a through 60d of oil paths will 
move to an another side side from one piston 60b side, and the operation reaction force of the power lever 40 will 
occur by this flow resistance. 

[0040] Oil-groove 60e for reaction force adjustment of predetermined length is prepared in the direction of an axis at 
the cylinder 60a wall of the adjustable reaction force damper 60. For this reason, since a flow of a hydraulic oil is 
attained through oil-groove 60e in addition to 60d of oil paths when piston 60b slides on the oil-groove 60e portion of a 
cylinder wall, the operation reaction force of the power lever 40 becomes low. In this example, oil-groove 60e is 
prepared in the range equivalent to the cruising-horsepower-output field of the power lever 40, and the oil groove is not 
prepared in the position equivalent to a high power field. For this reason, in a high power field, power lever 40 
operating physical force will increase compared with a cruising-horsepower-output field. 
[0041 ] Moreover, in this portion, if it is made to make the oil-groove 60e depth shallow between a cruising- 
horsepower-output field and a high power field gradually, in order for power lever 40 operating physical force to 
increase gradually, the same operating-physical-force change can be obtained with having been shown in drawing 8 . 
Moreover, if spring 60f which engages with a piston is prepared when piston 60b is located in a high power field in 
addition to the above-mentioned oil-groove 60e, as the dotted line showed to drawing 1 1 , power lever 40 operating 
physical force in a high power field can be enlarged further. 
[0042] 

[Effect of the Invention] A centrifiigal-spark-advancer means to control the rotational frequency of a propeller to a 
setting rotational frequency according to invention given in each claim, When operating a throttle means to control the 
opening of a throttle valve to setting opening, with a single lever By having established a nonlinear control means to 
change at least one side nonlinear to a lever control input, among the setting rotational frequency of a centrifiigal- 
spark-advancer means, and the setting opening of a throttle means Since it becomes possible to set up arbitrarily the 
change property of the imit power to a propeller rotational frequency, the common effect of becoming possible to set 
the change property of the unit power to a propeller rotational frequency as the optimal form according to properties, 
such as an airframe and a propeller, is done so. 
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